ABSTRACT. This work was designed to observe the dentine incremental lines of the sika deer (Cervus nippon) fawns and to investigate their periodicity using the chronological labeling method with fluorochromes. The incremental lines were observed in decalcified specimens stained by Bodian's silver technique, and the fluorescence-labeled lines were observed in undecalcified and ground specimens. In the silver stained specimens, there were two types of lines, deeply stained thick lines and faintly stained minute regular incremental lines. The intervals and staining intensities of the deeply stained thick lines were very similar to those of the fluorescence-labeled lines in the ground specimens obtained from the same tooth, and hence, it appeared that the both lines were identical. The number of minute incremental lines between the deeply stained thick lines was the same as that of days between the time when each fluorescent labeling injection was made. Therefore, it seemed that each minute incremental line was formed each day. The possibility of age estimation in days using diurnal dentine increments was discussed.
Periodic growth incremental lines are found universally in the dental tissues of animals [7, 10, 15] . The formation of these incremental lines is a visible result of the morphological change of tooth structure as the teeth respond to changes in the physiological parameters of an organism [7] . Annual layers in the cementum are the most familiar dental increments, commonly used for age estimation in many mammals [2] . Similar incremental lines also appear in the dentine and enamel, formed in a density higher than in the cementum. Previous studies have demonstrated that these dentine or enamel increments reflect circalunarl or circadian rhythms in various animals [1, 9, 10, 16, 18] . In wild Altai gray birch mice (Sicista Pseudonapaea), the ecological relevance of these increments has also been investigated, and the sexual differences in their life history were revealed by observation of the incremental lines in the incisor dentine [8] . However, in large mammals, few reports are available on the dentine increments.
Estimation of age in days or months, if available, would make it possible to clarify more in detail the wild life history of animals, such as Altai gray birch mice. In this sense, the examination and the resultant better understanding of dental increments would contribute to further betterment of wildlife management.
Therefore, the present study was performed to examine the incremental lines in the dentine of the sika deer (Cervus nippon), one of the most important game animals and a target species for wildlife management in Japan [4] , followed by discussion of the possibility of month-age or day-age estimation for this species.
MATERIALS AND METHODS
Sample collection: Six sika deer fawns were obtained from Satomigaoka Game Farm of Ashoro district (143E, 43N) in eastern Hokkaido. Under anesthesia with a combination of xylazine hydrochloride (1.2 mg/kg) and ketamine hydrochloride (1.5 mg/kg) by means of a hand-made blowpipe, each deer was given an alternate intramuscular injection of oxytetracycline (Wako Pure Chemicals, Inc., Osaka, Japan) and calcein (Wako) at a dose level of 40 mg/kg and 6 mg/kg body weight, respectively. Injections of these vital stains were given at 13-19 day intervals between August and October in 1998. The detailed injection histories are shown in Fig. 1 .
These deer were slaughtered on day 14 or 15 of December in 1998 by exsanguination under anesthesia. Among the teeth, the lower first incisor of each deer was selected for observation, since it was so simple in shape as to discriminate easily its neck from the other part. The incisor of each deer was removed and fixed in 10% buffered formalin for two weeks, and then stored in 70% ethanol until observation. It was embedded in methyl methacrylate resin to be polymerized at 40°C for 5 days.
From each incisor, two types of specimens, undecalcified and ground, and decalcified and stained, were prepared for the observation of fluorescence-labeled lines and minute incremental lines, respectively.
Undecalcified and ground specimens: Using a diamondedged saw, a 300 µm-thick cross section of the incisor neck ( Fig. 2) was prepared from each polymerized tooth. The section was ground and polished to be 150-200 µm in thickness using an ML-150P lapping unit (Maruto, Inc., Tokyo, Japan). The polished specimen was mounted on a microscope slide with distilled water and observed under an LSM410 confocal laser scanning microscope (CLSM) (Carl zeiss, Inc., Jena, Germany). The excitation wavelength was set at 364 and 488 nm for oxytetracycline and calcein, respectively, and the fluorescence was detected through a 570 nm long pass filter and a 515-565 nm band pass filter, respectively.
Decalcified and stained specimens: An approximately 2-3 mm thick cross section was made from a part adjacent to the foregoing undecalcified specimen (Fig. 2) . After removal of polymerizing resin by methyl methacrylate monomer, the section was decalcified in Plank-Rychlo solution for two days. Washed with tap water and embedded in O. C. T. compound (Miles Inc., Elkhart, U. S. A.), the section was further cross-sectioned into 16 µm in thickness in a cryostat, mounted on a glass slide, and dried at room temperature.
According to Bodian's silver technique, these thin sections were soaked in distilled water (DW), stained with 2.5% protargol (silver protein: E. Merck Darmstadt, Frankfurter, Germany) solution containing copper chips (5 g to 100 ml staining solution) for 30 hr at 40°C, and then rinsed again with DW. The reduction of silver in sections was accomplished with a solution containing hydroquinone and formalin for 10 min. After being washed thoroughly with DW, the sections were treated with a solution of 0.2% gold chloride for 40 min, and then rinsed again with DW. The color balance of the stained sections was modulated with 2% oxalic acid solution for 5 min. After these treatments, the sections were rinsed with DW and dipped in a solution of 5% sodium thiosulfate for 15 min in order to remove residual silver salt [6] . The sections were finally washed thoroughly, dehydrated, mounted in bioleit, and observed under transmitted light.
RESULTS
Under the CLSM, every sample of undecalcified and ground sections revealed tetracycline-labeled lines and calcein-labeled lines. The numbers of both lines were in accord with the frequencies of injections. Calcein produced more strongly and more clearly stained lines than did tetracycline (Fig. 3a) . The intervals and staining intensities of both fluorescent lines tended to be narrowed and weakened toward the dentine's inner side.
In the decalcified sections stained by Bodian's silver technique, there were two types of argyrophilic lines, faintly stained minute regular line, and deeply stained slightly thick line (Figs. 3b and 4) . The interval, intensity, and running pattern of these deeply stained argyrophilic lines were very similar to those of the fluorescence-labeled lines in the ground section (Fig. 3) .
The number of minute regular lines between successive deeply stained lines was countable in the three deer. From 13 to 19 increments were present, equivalent to the number of days between the two successive fluorochrome injections (Fig. 4) . The distinct, faintly stained incremental lines began to appear clearly at 200-300 µm inward from the enamel-dentine junction (EDJ), spacing about 5 µm interval (Fig. 5) . At the inner side of the dentine, the layers were narrowed to less than 2 µm, gradually disappearing near the pulp cavity.
DISCUSSION
The deeply stained lines observed in Bodian-stained sections were very similar in appearance to the fluorescent lines in which the deep staining was presumably caused by the administration of fluorochromes in the same manner as seen in the human dentine [17] . It is surmised that Ca ++ combined with tetracycline was lost by decalcification and instead, Ag + was combined with it [17] . Calcein lines were also inferred to be deeply stained by Bodian's silver technique in a similar manner. In order to analyze the periodicity of increments, a comparison between the chronologically labeled lines and the incremental lines is needed. By this comparison, it was founded that the former occurred simultaneously with the latter on the Bodian-stained specimen. The number of the minute incremental lines existing between successive labeled lines was in accord with that of days between injection-times, suggesting that these lines reflect the daily periodicity in the sika deer dentine.
In the rat, circadian rhythms in the collagen-synthetic and secretory activities of odontoblasts have been found, and these activities might be responsible for the circadian increments in the dentine [11] . It is well-known that dentinogenesis is affected by humoral factors such as growth hormone [3] and parathyroid hormone [19] , which are themselves under a strict circadian control. In addition, it has been demonstrated that the suprachiasmatic nucles (SCN) plays an important role in generating circadian dentine increments [12] . Since the dentine incremental lines probably reflect the presence of an endogenous oscillatory mechanism, the circadian rhythm of dentine increments may persist with the neglect of some environmental factors.
From the observations in the present study, it is suggested that the day-age estimation of the sika deer can be conducted with accuracy by using the circadian increments of dentine. The vital labeling intensity may have a close relation to the formation rate of the structure [11] . Since the fluorescencelabeled lines in the ground sections showed a reduced intensity and a narrowed interval toward the pulp cavity, it is suggested that the dentine formation rate is decreased toward the pulp cavity. To estimate age, all the increments from birth to death must be counted. However, in the present study, the daily increments were not distinctly visible near the pulp cavity. If the incremental lines disappear according to the reduction of dentine growth rate, the permanent teeth rather than the deciduous teeth should be investigated in terms of dentine deposition rate. The identification of the neonatal line is also essential for age estimation. The neonatal line is thought to represent the physiological trauma of birth [14] . Since this line is formed from necessity at a birth, it is useful for assessing age by observing its dental microstructure [5] .
In the present study both fluorochromes, oxytetracycline and calcein, constructed clear fluorescent lines in the ground sections. Oxytetracycline-labeling was more diffuse than calcein-labeling, though the dose level of oxytetracycline was regarded as appropriate or even lower in regard to its fluorescent intensity. Thus, both oxytetracycline and calcein are thought to be useful as time markers in the sika deer dentine, but calcein seems to be more valuable with respect to distinctness. However, by our empirical successive injections of one marker alone, some difficulties of interpretation were occasionally encountered at the site of low growth rate when often overlapping of successive labeled lines took place. To avoid such difficulties, the alternate use of two different markers may be helpful.
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